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Diffusional effects on two-substrate enzymic reactions mainly depend on the relative affinities of the enzyme for its two substrates. With two substrates of widely different affinities, diffusional limitations increase and decrease the half-maximal-activity concentration of the high-and low-affinity substrate respectively.
Several studies, concerned with the heterogeneous kinetics of two-substrate enzymic reactions, have shown both increases and decreases in apparent Km values as a result of enzyme binding (Wilson et al., 1968; Smith & Lenhoff, 1974; Cho & Swaisgood, 1974; Coulet et al., 1975; Barbotin, 1976; Nitisewojo & Hultin, 1976 An experimental study with collagen-bound aspartate aminotransferase (Engasser et al., 1977) , in which the diffusion of substrates was carefully controlled, has demonstrated that diffusional effects may be quite different with a two-substrate from those with a single-substrate reaction; namely, substrate diffusional limitations manifest themselves in a decrease in the apparent affinity for one substrate but simultaneously in an increase in the apparent affinity for the other.
Since theoretical studies of diffusional effects on enzyme kinetics have been restricted to singlesubstrate reactions (Katchalski et al., 1971; Engasser & Horvath, 1976; Goldsteini, 1976) , it is the aim of the present report to establish theoretically the possible diffusional influences on apparent enzymic affinities with two-substrate reactions.
Methods
The The magnitude of the two substrate moduli, PA and PB, directly reflects the importance of diffusional limitations for the two substrates.
Another dimensionless criterion, which may be used to analyse diffusional effects with a two-substrate reaction, is the parameter XB/A, defined as the ratio of the two moduli:
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The transport coefficient h between a fluid and a solid surface is known to be most often proportional to D213, D being the molecular diffusivity of the transported species (Bird et al., 1962) . As the diffusivity can be considered inversely proportional to M"12, the square root of the molecular weight of the species, h is approximately proportional to M-113. Consequently, for two substrates with molecular weights of the same order of magnitude, the two transport coefficients hA and hB are not too different, and (B/A is approximately equal to the ratio of the two Michaelis constants, i.e. of the two substrate affinities. Since, according to eqn. (5), {B/A determines the relative importance of the diffusional limitations for the two substrates, the diffusion of the high-affinity substrate is expected to have the strongest rate-limiting effect. The kinetic contributions of diffusional phenomena also depend on the intrinsic rate expression, and, more precisely, as suggested by eqn. (2), on the value of the dimensionless ratio, KIAIK., ofthe kinetic parameters.
Eqn. (2) 
Discussion
According to this quantitative analysis, with two-substrate enzymic reactions the half-maximalactivity substrate concentration is not only increased, as with single-substrate reactions, but may also be decreased by diffusional limitations. It is shown that diffusional kinetic modifications depend on the magnitude of diffusional limitations, the intrinsic kinetic rate expression and the relative affinity of the two substrates, as well as the value of the fixed concentration of the second substrate. More precisely, with two substrates of very different Michaelis constants, diffusional interferences always result in an increase and a decrease in the halfmaximal-activity concentrations of the high-and low-affinity substrates respectively. With two substrates of similar Michaelis constant, on the contrary, diffusion has generally a much smaller effect on the half-maximal-activity concentrations, which can then vary in similar or opposite directions.
These theoretical findings are partly verified by the experimental results obtained with aspartate aminotransferase bound at the surface of collagen membranes (Engasser et al., 1977) . Owing to the great difference in the Michaelis constants of the two substrates oxaloacetate and glutamate (K'Iu/K°xAc = 100), diffusional limitations for the high-affinity substrate oxaloacetate were indeed found to increase the oxaloacetate concentration for half-maximal activity, but simultaneously to decrease the glutamate concentration for half-maximal activity.
As bound-enzyme kinetics are usually determined 1978 by varying substrate concentrations around their respective Michaelis constants, diffusional effects established in this study are expected to account for many of the kinetic differences previously reported when comparing the kinetic behaviour of enzymes in soluble and immobilized form.
